As international guidelines increase access to antiretroviral therapy (ART) globally, ART adherence becomes increasingly important to achieve HIV treatment as prevention (TasP) goals. In the concentrated HIV epidemic among men who have sex with men (MSM) and transgendered women (TGW) in Lima, Peru, the independent correlates of ART nonadherence were examined to inform treatment intervention priorities. Cross sectional survey of HIV-infected MSM and TGW who are engaged in clinical care in Lima, Peru. From June to August 2012, 302 HIV-infected Peruvian MSM/TGW from three clinical care sites were recruited using convenience sampling to participate in a cross-sectional computer-assisted adherence survey. Several standardized screening measures associated with ART nonadherence were examined in order to determine the independent correlates of optimal (≥90%) and perfect (100%) adherence, which were assessed using logistic regression. Of the 302 participants recruited, 263 (87.1%) were prescribed ART. Among those prescribed ART, 229 (87.1%) reported optimal and 146 (55.5%) reported perfect adherence. The prevalence of alcohol use disorders (AUD; 43.2%), alcohol dependence (5.3%), recent drug use (6.0%), and depression (44.5%) was high, and most participants had some evidence of neurocognitive impairment. Meeting criteria for having an AUD and depression were collinear (p < 0.001). On multivariate analysis, having an AUD was inversely related and the only independent correlate of optimal (AOR = 0.427; 95% CI = 0.187-0.976) and perfect (AOR = 0.552; 95% CI = 0.327-0.930) ART adherence. AUDs are highly prevalent among Peruvian HIV-infected MSM and contribute significantly to ART nonadherence. These findings support the need for screening and treating underlying AUDs. In order to meet HIV TasP goals, evidence-based strategies targeting AUDs are likely to directly improve ART adherence and indirectly improve overall individual health, HIV treatment engagement, and reduce transmission to sexual partners among this vulnerable and disproportionally affected population.
Introduction
Increasing antiretroviral therapy (ART) access using HIV treatment as prevention (TasP) strategies is central to global HIV prevention and treatment. If successful, TasP will increasingly play a significant role in decreasing HIV incidence and mortality (Boyd et al., 2003) . The World Health Organization's (WHO) recommendation for earlier ART initiation at higher CD4 lymphocyte thresholds should increase the numbers of individuals eligible for and receiving ART (Granich, Gilks, Dye, De Cock, & Williams, 2009; Krusi, Wood, Montaner, & Kerr, 2010) . Once prescribed, maintaining high ART adherence is crucial for achieving viral suppression (VS), thereby reducing sexual transmission to heterosexuals (Cohen, Chen, McCauley, Gamble, & Hosseinipour, 2011; Reynolds et al., 2011) , people who inject drugs (Wood et al., 2009; Wood, Milloy, & Montaner, 2012) , and men who have sex with men (MSM; Muessig et al., 2012) . Optimal ART adherence associated with VS also reduces development of drug resistance .
Individual and structural factors undermine optimal ART adherence. Individual factors include the presence of alcohol use disorders (AUDs) and other substance use disorders (SUDs; Hendershot, Stoner, Pantalone, & Simoni, 2009; Malta, Magnanini, Strathdee, & Bastos, 2010) , HIV-associated neurocognitive impairment (NCI; Chander et al., 2009) , and psychiatric illnesses (Halkitis, Shrem, Zade, & Wilton, 2005 )all of which are also associated with risky sexual behaviors. Social issues like HIV-related stigma, low social support, health literacy (Ngoh, 2009) , and food insecurity (Weiser et al., 2009) 
Study participants and procedures
Between June and August 2012, 302 consecutive HIVinfected Peruvian MSM were recruited to participate in a self-administered survey to examine correlates of ART adherence and access to care; only adherence was examined in this study. Participants were defined as MSM if they were born male and self-reported having sex with a man in the past year. Using convenience sampling, we recruited consecutive patients receiving HIV care from three clinics located in Lima. Eligibility included age ≥18 years, born male, and diagnosed with HIV for over one year to ensure that participants had had sufficient time and opportunities to initiate ART. Recruitment included clinic-based advertisements and flyers, or clinical staff approaching patients at the end of their clinical visits; no patients refused study participation. Participants providing written informed consent, then completed a 60-minute computer-assisted survey instrument (CASI) in a private setting and were paid 25 soles (∼US$10) for their time.
Survey content and variable definitions
Literature review informed variable selections associated with ART nonadherence (Blas et al., 2011; Deiss et al., 2013; Ludford et al., 2013; . We also collected demographic and social characteristics, education, occupation, and monthly salary earned, living circumstances, year of HIV diagnosis, and self-reported sexual identity and orientation. Self-reported adherence, the dependent variable, was assessed using a validated visual analog scale (VAS; Giordano, Guzman, Clark, Charlebois, & Bangsberg, 2004) , and analyzed as optimal (≥90%) and perfect (100%) adherence (Elul et al., 2013) .
AUD screening deployed the WHO's validated 10-item AUD Identification Test (AUDIT; Babor, Delafuente, & Saunders, 1992) , with standard cut-offs to define any AUD (score ≥8) and alcohol dependence (score ≥20) which are highly correlated, have high internal and external validity (Allen, Litten, Fertig, & Babor, 1997) , as well as sensitivity and specificity (Saunders, Aasland, Babor, de la Fuente, & Grant, 1993) . A drug use battery over the past 6 months was assessed using a modified Addiction Severity Index (ASI; Cacciola, Alterman, Habing, & McLellan, 2011) for known drugs used in Peru, while addiction severity was measured using the 10-item Drug Abuse Screening Test (DAST-10; Gavin, Ross, & Skinner, 1989) , with bivariate cutoffs of >2 for moderateto-severe addiction severity. Depressive symptoms were measured using the 10-item Center for Epidemiologic Studies Depression (CES-D 10) Scale with scores >7 being correlated with moderate-to-severe depressive symptoms (Lenore, 1977) . HIV-related stigma and social support were analyzed continuously as previously described using the Wright Stigma Scale (Berger, Ferrans, & Lashley, 2001) and the Modified Social Support Survey (MSSS-5; Fleishman et al., 2000) , respectively. Food insecurity was measured using six items from the National Center for Health Statistics (NCHS; Bickel, Nord, Price, Hamilton, & Cook, 2000) . Health literacy was assessed continuously using the Short Test of Functional Health Literacy in Adults (STOHFLA; Chew, Bradley, & Boyko, 2004) and barriers to medical care deployed a validated 10item scale (Kalichman, Catz, & Ramachandran, 1999) .
NCI was assessed using the 95-item standardized Neuropsychological Impairment Scale (NIS; O'Donnell, De Soto, & De Soto, 1993) . Though the NIS features many subscales, we focused only on the influence of general cognitive impairment, which was analyzed using a validated NCI summary score called the Global Measure of Impairment (GMI). Consistent with prior analyses involving the NIS, raw scores were transformed to t-scores and then treated as a continuous variable (Ezeabogu, Copenhaver, & Potrepka, 2012) . Facilitators of ART adherence included a battery of cues and reminders often used to assist medication-taking, like alarm clocks and calendars, association with meals and hour of sleep, reminders from friends, and putting ART in a highly visible place.
Standardized measures that have previously been translated and validated in Spanish were used. Other survey components were created in English, translated to Spanish, and then back-translated into English to ensure understanding as previously described (Brislin, 1970) . Pilot testing with HIV-infected persons in Lima was conducted to further ensure understanding.
Data analysis
Statistical analyses were performed using SPSS (Version 20). The dependent variables were optimal (≥90%) and perfect (100%) adherence over the past 30 days. Bivariate associations of all clinically relevant variables first assessed their association with the dependent variables using chi-square and t-tests were used for categorical and continuous variables, respectively. Using a deterministic approach, bivariate associations significant at p < 0.20 were then incorporated into the multivariate logistic regression model. Stepwise forward and backward elimination regression both showed the same results as our deterministic model, which was ultimately selected based on having the best goodness-of-fit using the Akaike Information Criterion (AIC). The Variance Inflation Factor (VIF) was used to test for collinearity between variables that were significant in the bivariate analysis but no longer significant in the final model. Table 1 describes the characteristics of the participants. Most were in their early thirties (mean = 32.0 years), earned greater than minimal wage (58.6%) and completed high school (68.8%). Most (87.1%) participants were on ART and, of those, 87.1% reported optimal (≥90%) and 55.3% reported perfect (100%) adherence. Only 6.0% of participants reported recreational drug use and 43.2% met screening criteria for AUDs, with 5.3% meeting criteria for dependence (AUDIT ≥ 20). Table 2 highlights the factors significantly correlated with both optimal and perfect adherence among the 263 participants prescribed ART. On bivariate analysis, only three factors were inversely correlated (p < 0.05) with optimal adherence, including having an AUD, higher levels of NCI, and being transgendered women (TGW). Having moderateto-severe depressive symptoms (p = 0.066) and lower monthly income (p = 0.084) trended toward significance. Similarly, for perfect adherence, factors that were inversely and significantly (p < 0.05) correlated included having an AUD (p < 0.001), higher NCI (p = 0.001), increasing age (p = 0.032), having moderate-to-severe depressive symptoms (p = 0.002).
Results

Description of the study sample
Correlates of ART adherence
Multivariate modeling, however, confirmed that having an AUD was the only independent factor associated with ART adherence, portending greater than a 55% reduction (AOR = 0.427; 95% CI = 0.187-0.976) in optimal adherence and 45% reduction in perfect adherence (AOR = 0.552; 95% CI = 0.327-0.930). Figure 1 depicts the proportion of study participants with and without an AUD that reported optimal and perfect adherence. Compared to those without an AUD, those with an AUD were significantly less likely to report optimal (80.2% vs. 91.9%; p = 0.005) and perfect adherence (44.0% vs. 64.2%; p < 0.001). Including the use of any facilitating cuing reminder variable into the final model did not change the outcome for either of the dependent variables, suggesting that ART adherence facilitators do not overcome the influence of AUDs on nonadherence in our sample (data not shown).
Discussion
To our knowledge, this is the first study investigating correlates of ART adherence among HIV-infected MSM/ TGW in Peru. Though alcohol and drug use have variably been associated with nonadherence in settings outside of South America and among non-MSM populations (Cook et al., 2001; Lucas, Gebo, Chaisson, & Moore, 2002; Samet, Horton, Meli, Freedberg, & Palepu, 2004; Tucker, Burnam, Sherbourne, Kung, & Gifford, 2003) , a systematic review of the influence of alcohol and adherence showed conflicting findings, primarily because of a profound lack of using standardized measures of alcohol use, with almost none using validated screening criteria for "treatable" AUDs (Azar, Springer, Meyer, & Altice, 2010) . Findings here use standardized measures for both AUDs and ART adherence, overcoming problems identified with earlier studies. Moreover, this study was conducted among MSM, the primary drivers of HIV transmission in many regions globally (Beyrer et al., 2012) , including South America . In South America, only one longitudinal study in Brazil showed that any alcohol use negatively influenced ART adherence (Teixeira, Dourado Mde, Santos, & Brites, 2013) but did not use standardized measures to screen for AUDs or depression . Our study also included a larger sample size and included only MSM. Moreover, AUDs differ from alcohol use per se in that AUDs are medically defined conditions that are amenable to intervention (Babor & Higgins-Biddle, 2001) . AUDs have previously been associated with decreased ART adherence in other settings and populations (Amass, Bickel, Higgins, & Badger, 1994; Grodensky, Golin, Ochtera, & Turner, 2012) and to other poor HIV-treatment outcomes, including decreased health-care utilization (Amass, Bickel, Higgins, & Hughes, 1994) , decreased linkage to and retention in care (Azar et al., 2010; Giordano et al., 2007) , reduced ART medication access (McNaghten, Hanson, Dworkin, & Jones, 2003; Newman et al., 2007) and viral nonsuppression (Azar et al., 2010) . In Peru's largest biobehavioral serosurveillance study of over 5000 Peruvian MSM, AUDs were previously found to be highly prevalent (62.3%) and independently associated with high-risk sexual behaviors (Blas et al., 2011; Deiss et al., 2013; Ludford et al., 2013) and being unaware of being HIV-infected . This AIDS Care 97 study builds on these concerning findings and is the first to demonstrate a concerning association between AUDs and suboptimal ART adherence among HIV-infected MSM enrolled in HIV clinical care in Peru.
Overall, 31.9% met criteria for hazardous (binge) drinking (AUDIT = 8-16). According to WHO recommendations, hazardous drinkers should minimally undergo brief counseling interventions to reduce heavy drinking and to seek additional assistance (World Health Organization, 2011) . In HIV-infected MSM, however, the risk is augmented because several days after heavy drinking, episodes are associated with continued missed ART doses (Braithwaite et al., 2005) . Moreover, in this relatively young group of MSM, without intervention, hazardous drinkers may progress to more serious AUDs, including alcohol dependence (King, de Wit, McNamara, & Cao, 2011) .
In addition, we used standardized measures to analyze other important correlates of ART adherence. First, we examined global indicators of NCI because to our knowledge, no previous NCI assessment has been conducted among Peruvian MSM. Studies elsewhere have shown that various levels of NCI were present among HIV-infected persons (Del Pesce et al., 1993; Margolin, Avants, Warburton, & Hawkins, 2002; Martin et al., 2007) , and that higher NCI levels were associated with decreased ART adherence and increased HIV risk behaviors (Hinkin et al., 2002; Woolf & Maisto, 2009 ). The high GMI scores in our sample [50.8 (±10.8) of 80 maximum] suggest most participants had some degree of NCI. This is concerning because individuals with mildto-moderate NCI may experience suboptimal ART adherence (Ezeabogu et al., 2012) and increased HIV risk behaviors (Anand, Springer, Copenhaver, & Altice, 2010) . In turn, NCI symptoms will worsen in HIVinfected people not taking ART (Heaton et al., 1995) , because ART reverses some, but not all NCI-related symptoms (Crum-Cianflone et al., 2013) . Although the general measure of NCI did not remain significant in the multivariate model, it is possible that only the most severely neurocognitively impaired (e.g., worst decile; O'Donnell et al., 1993) or those with impairment of only one or a few of the cognitive domains (e.g., memory, learning ability and attention; Ezeabogu et al., 2012) show suboptimal ART adherence (Tozzi et al., 1999) . Further exploration of NCI severity and NCI subscales on ART adherence is warranted.
For optimal, but not perfect adherence, TGW were significantly less likely to adhere to ART. This finding, however, did not remain significant in the multivariate analysis. While we speculated that TGW may have had higher levels of AUDs or HIV-related stigma (Boyce, Barrington, Bolanos, Arandi, & Paz-Bailey, 2012; Caceres et al., 2008) , collinearity tests did not substantiate these assumptions, perhaps because TGW (N = 20) comprised a small proportion (6.6%) of our sample.
Depressive symptoms were highly prevalent (44.5%) in this population. For both optimal and perfect adherence, being depressed was borderline and highly significant in the bivariate analysis, respectively, yet did not remain so in final models. Previous studies document correlations between depressive symptoms and ART nonadherence (Silveira et al., 2012; Springer, Dushaj, & Azar, 2012) , including in low-and middle-income countries (Mayston, Kinyanda, Chishinga, Prince, & Patel, 2012) . Numerous studies also document a relationship between alcohol and depressive symptoms (Hasin, Goodwin, Stinson, & Grant, 2005; Kessler, Chiu, Demler, Merikangas, & Walters, 2005) , and collinearity tests here confirm these two variables to be highly correlated (p < 0.001; not shown). AUDs and depressive symptoms may both contribute to nonadherence and from a purely clinical perspective, it is therefore essential to screen for and treat both disorders simultaneously in order to optimize treatment outcomes. This is particularly relevant since both disorders are underdiagnosed (Angst et al., 2011; Chen et al., 2013) and undertreated (Rivest, Jutras-Aswad, & Shapiro, 2013; Sato & Yeh, 2013) in clinical settings, yet they are amenable to behavioral and/or pharmacotherapeutic interventions.
We also found that global stigma was not associated with nonadherence, yet the disclosure stigma subscale was negatively associated with perfect adherence. In our analyses, we did not explore in detail the impact of various types of stigma on ART adherence, but it is seductive to speculate that those who do not disclose their HIV status to others continually live in fear and miss doses based on concerns about someone finding out about their HIV statusas shown by previous studies conducted in Peru (Curioso, Kepka, Cabello, Segura, & Kurth, 2010) . Further inquiry into various types of stigma is crucial for intervention development, especially with regard to HIV disclosure.
Unlike other studies examining alcohol and ART adherence, we assessed reminder interventions (e.g., alarm clocks, beepers and calendars) used clinically to improve ART adherence. Unlike a recent report conferring benefit among HIV-infected Peruvian men without assessment of alcohol or drug use (Curioso et al., 2010) , various reminders did not significantly influence ART adherence in our sample. Though not shown, those with AUDs were no more likely to use medication reminders than those without them. Due to our survey not examining the consistency with which participants used these reminders, we are unable to contribute further to guidelines from the International Association of 98 E.G. Ferro et al. Physicians in AIDS Care, recommends them as an adherence strategy (Thompson et al., 2012) .
Despite our analysis examining numerous validated factors that may influence ART adherence, having an AUD was the only independent correlate that remained significant in the multivariate model. This study's crosssectional assessment does not establish causality between AUDs and suboptimal ART adherence, yet it is reasonable to expect that AUDs negatively influence adherence for numerous reasons, including intoxication impairing one's capacity to plan for or remember dosing requirements (Braithwaite et al., 2008) , living in precarious conditions with lower ART access (Tucker et al., 2004) , alcohol consumption used to reduce ART-related side effects (McKirnan, Ostrow, & Hope, 1996; Nemeroff, Hoyt, Huebner, & Proescholdbell, 2008) , and intentional "skipping" ART when drinking, due to misconceptions about drug interactions (Brigido et al., 2001; Kalichman et al., 2009; Sankar, Wunderlich, Neufeld, & Luborsky, 2007) . Additional research is needed to clarify the behavioral, environmental, and circumstantial conditions under which alcohol use is likely to influence adherence.
The high prevalence of AUDs among Peruvian MSM is alarming, and it can be partly explained by the cultural and sexual biases that are pervasive against same-sex relations in the wider Peruvian society (Caceres et al., 2008) . As a result, MSM have found gay bars to be a sheltering environment, where the consumption of disinhibiting substances like alcohol became progressively popular, in the expectancy to overcome the taboo associated with stigmatizing behaviors (Kalichman et al., 2007; Stall & Purcell, 2000) . This finding, along with the significant association between AUDs and suboptimal ART adherence, suggests the need to design and implement effective interventions targeting alcohol use among this vulnerable population. This is particularly important since Peruvian patients have been found to miss more ART doses due to alcohol use in comparison to their US and African counterparts (Jacob et al., 2011) . WHO suggests that MSM with SUDs may be targeted using psychosocial interventions (World Health Organization, 2011) such as cognitive-behavioral (CBT) and motivational interviewing (MI) approaches, which have been shown to be effective across a wide range of SUDs (Azar et al., 2010; Thompson et al., 2012) , including AUDs (Binford, Kahana, & Altice, 2012) . Counseling-based AUD strategies alone, however, have not documented HIV treatment benefits or ART adherence. CBT and MI approaches targeting ART adherence and retention in care produce short-term, but not sustained benefits among MSM with AUDs (Parsons, Golub, Rosof, & Holder, 2007) . Among the three approved pharmacological medications that treat AUDs (Naltrexone, Acamprosate, and Disulfiram), only naltrexone, in its oral or extended-release formulation, is superior to either acamprosate alone (Anton et al., 2006; Zarkin et al., 2008) or to behavioral therapies in HIV-uninfected persons (Anton et al., 2006; Garbutt et al., 2005) . Few studies, however, have investigated the influence of naltrexone on HIV treatment outcomes among patients prescribed ART (Traore, Thiero, Dao, Kounde, & Faye, 2011) , but data are beginning to emerge . Since naltrexone appears to be safe in HIV-infected individuals (Vagenas et al., 2014; Weinrieb & O'Brien, 2004; Weinrieb et al., 2001) and in those with AUDs (Watson et al., 2007) , naltrexone has the potential to improve ART adherence through reduction of alcohol use.
In addition to treating AUDs, mobile technologies that improve ART adherence are gaining traction among HIVinfected MSM in Peru who are interested in using the Internet and cellphones for HIV health-promotion interventions (Krishnan et al., in press; Kurth et al., 2007) , potentially to improve ART adherence (Curioso, Kurth, Cabello, Segura, & Berry, 2008; Curioso et al., 2009; Kurth et al., 2007) . Our finding of moderate levels of NCI among our sample, however, may reduce their ability to effectively engage with such technologies (Palepu et al., 2003) . Future ART adherence intervention development will require tailoring and testing along the spectrum of NCI for both content and delivery.
Even though our findings have important implications for HIV prevention and treatment among MSM with AUDs, study results should be interpreted in the context of inherent methodological limitations. The cross-sectional nature of this observational study does not allow us to establish causality. Other external variables could be responsible for both AUDs and poor adherence, specifically the relationship between depressive symptoms and AUDs. Also, we did not control for other factors associated with nonadherence in other studies, such as pill burden, dosing frequency, and lifestyle changes required for ART adherence. Not presented, however, is the near uniformity in twice-daily and identical ART regimens prescribed. Second, sampling bias may have occurred, since patients were recruited from three clinics that provided dedicated MSM/TGW services. Since our convenience sampling method was not designed to be fully representative of HIV-infected MSM, caution is required when generalizing these results to the MSM elsewhere without more comprehensive and culturally competent services. Additionally, we used self-report instruments to gather data about alcohol use, ART adherence, and the other independent variables. Reporting of sensitive issues such as stigma or alcohol use might have also been influenced by social desirability bias, but CASI has been documented to reduce such biases (Ghanem, Hutton, Zenilman, Zimba, & Erbelding, 2005) , and the high selfreported levels suggest this not to be a concern. Despite AIDS Care 99 this being the largest sample of HIV-infected MSM assessing adherence to date, a larger sample size might help balance these limitations.
Conclusions
Our study highlights the strong and significant association of AUDs with suboptimal ART adherence among HIV-infected MSM in Peru. Given that HIV remains a concentrated epidemic among Peruvian MSM and elsewhere, our findings underscore the importance of creating, testing, and implementing interventions simultaneously targeting AUDs and ART adherence. Such interventions may simultaneously integrate pharmacological and multicomponent behavioral interventions. While the influence of other factors (e.g., NCI, depression, and stigma) on poor adherence was not ultimately found to be significant among this sample, further research is needed to elucidate their possible influence on this vulnerable and disproportionally affected HIV-infected population.
